Background Total shoulder arthroplasty (TSA) provides excellent functional outcomes and pain relief in appropriately selected patients. Although it is known to affect other shoulder conditions, the role of hand dominance after TSA has not been reported, to our knowledge. Questions/Purposes We asked: (1) Does TSA of the dominant arm result in greater postoperative ROM compared with TSA of the nondominant arm? (2) Does hand dominance affect validated outcome scores after TSA? Methods We performed a review of all patients who underwent primary TSAs between 2008 and 2011 with a minimum of 12 months followup. During that time, one surgeon performed 156 primary TSAs. One hundred twenty-seven patients met the minimum followup requirement for this analysis (81%), whereas 29 (19%) were lost to followup. Seven patients were excluded for surgical indications other than glenohumeral osteoarthritis. A total of 58 patients underwent TSA of the dominant upper extremity and 62 underwent TSA of the nondominant upper extremity. Patient demographics, preoperative and postoperative ROM, and preoperative and postoperative outcome scores, were collected from the medical records. Student's t-tests and chi-square tests were used for analysis. Demographics and preoperative ROM did not differ between patients undergoing TSA on the dominant or the nondominant upper extremity.
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Results Dominant-arm TSAs showed greater postoperative forward elevation and external rotation. Postoperative active forward elevation in the dominant group was 151°v ersus 141°in the nondominant group (mean difference, 10°; 95% CI, 1°-18°; p = 0.033). Postoperative active external rotation was 61°in the dominant group, versus 51°i n the nondominant group (mean difference, 10°; 95% CI, 5°-15°; p \ 0.001). Active internal rotation did not differ (dominant, 52°, nondominant, 50°; mean difference, 2°;
The institution of one or more of the authors (AAR and GPN) has received, during the study period, research funding from Arthrex, Smith and Nephew, and Donjoy. One of the authors certifies that he (AAR) has received or may receive payments or benefits, during the study period, an amount of USD $100,001 to $1,000,000 from Arthrex, Inc, Naples, FL, USA). One of the authors certifies that he (GPN) has received or may receive payments or benefits, during the study period, an amount of USD $10,001 to $100,000 from Tornier, Inc, Bloomington, MN, USA), and an amount less than USD $10,000 from Innomed, Inc (Savannah, GA, USA 
Introduction
Total shoulder arthroplasty (TSA) is an effective treatment for patients with degenerative joint disease of the glenohumeral joint in the setting of a functional rotator cuff, providing functional improvement and pain relief [5, 14, 18] . Although concerns persist regarding complications such as glenoid loosening [15] , the number of TSAs performed in the United States has been increasing [1, 8] . The cost-effective TSA also has been shown to improve patient function, pain outcome scores, and overall physical well-being [3, 11] .
Hand dominance has been reported to affect numerous shoulder disorders including anterior glenohumeral instability [6] , rotator cuff disorders [9] , and shoulder disorders in the throwing athlete [7] . Hand dominance also has been reported to affect the minimum clinically important difference in patient-reported VAS for rotator cuff disease [22] . In addition, hand dominance affects scapular and clavicular kinematics in nonthrowing patients and kinematics and kinetics in throwing athletes [12, 13, 23] . There are limited and conflicting data available in the shoulder arthroplasty literature regarding the effect of hand dominance on outcome after TSA [2, 4, 16, 18, 20, 21] . Information regarding potential differences in TSA outcomes based on hand dominance could be used for patient counseling about expected outcomes. In addition, this factor may need to be considered in future comparative studies with ROM as an outcome.
Therefore, we asked: (1) Does TSA of the dominant arm result in greater postoperative ROM compared with TSA of the nondominant arm? (2) Does hand dominance affect outcome scores after TSA?
Methods
This study was approved by our institutional review board. The study design was a retrospective case series. All patients undergoing primary anatomic TSA by the senior author (GPN) between January 1, 2008 and October 1, 2011, with a minimum of 12 months postoperative followup, were identified for potential inclusion in the study.
Patients were excluded for prior ipsilateral shoulder arthroplasty, reverse TSA, and incomplete postoperative records. Only patients undergoing a TSA for glenohumeral osteoarthritis with an intact rotator cuff were included. Patients who had a TSA for posttraumatic glenohumeral arthritis, glenohumeral instability arthropathy, or other indications were excluded.
We retrospectively reviewed patient records, including operative reports, preoperative office notes, and postoperative office notes. We also extracted the following data for each patient from the medical records: age, sex, laterality of dominant upper extremity, laterality of TSA, and preoperative and postoperative ROM at most recent followup.
ROM measurements were obtained by the senior surgeon with a goniometer in his routine preoperative and postoperative physical examinations. Validated outcome scores from the VAS for pain, simple shoulder test (SST) [10] , and the American Shoulder and Elbow Surgeons (ASES) score [19] were obtained before surgery and at the most recent followup.
During the study period, one surgeon (GPN) performed 156 primary TSAs in 156 patients. Of those, 127 patients met the minimum followup requirement for this analysis (81%), whereas 29 (19%) were lost to followup. Seven patients were excluded for surgical indications other than glenohumeral osteoarthritis. As a result, we included 120 patients for further analysis, of whom 48% were female with an average age of 67 years. Followup was a mean of 23 months after surgery (range, 12-108 months).
Of the 120 included patients, 58 underwent TSA of the dominant upper extremity, of whom 55 were right-hand- (Table 1) . Preoperative ROM and functional scores also were not statistically different between the two groups ( Table 2) . Statistical analyses were performed using SPSS Version 18 (SPSS Inc, Chicago, IL, USA). Descriptive statistics were calculated. Kolmogorov-Smirnov analysis was performed to confirm data normality. Based on data normality, groups were compared using Student's t-tests with significance set at p less than 0.05. Chi-square tests were used for statistical comparison of categorical variables with significance set at p less than 0.05.
Results
Patients undergoing dominant-arm TSA showed greater postoperative active forward elevation and external rotation. Postoperative active forward elevation in the dominant group was 151°, which was greater than 141°in the nondominant group (mean difference, 10°; 95% CI, 1°-18°; p = 0.033). Postoperative active external rotation in the dominant group was 61°, which was greater than 51°in the nondominant group (mean difference, 10°; 95% CI, 5°-15°; p \ 0.001) (Fig. 1) . There was no difference between the dominant and nondominant groups in active internal rotation postoperatively (dominant, 52°, nondominant, 50°; mean difference, 2°; 95% CI, À3°to 7°; p = 0. 419) ( Table 3) .
Comparing VAS (dominant, 0.9, nondominant, 1.4; mean difference, 0.5; 95% CI, À0.1 to 1.1; p = 0.129), SST (dominant, 9.8, nondominant, 9.2; mean difference, 0.5; 95% CI, À0.5 to 1.5; p = 0.278), and ASES scores (dominant, 84, nondominant, 80; mean difference, 4; 95% CI, À2 to 10; p = 0.211), there were no differences between outcome scores for hand dominance effect after TSA (Table 3) . A post hoc power analysis based on ASES scores found that our study has a power of 0.39, leaving it underpowered on this endpoint. To achieve a power of 0.8, we would have needed 197 patients per group (197 dominant and 197 nondominant, for a total sample size of 394).
Discussion
TSA is an increasingly common procedure that improves function and relieves pain for patients with degenerative joint disease of the glenohumeral joint in the setting of a functional rotator cuff [3, 5, 11, 14, 17, 18] . Although hand dominance has been shown to affect shoulder disorders including anterior glenohumeral instability [6] , rotator cuff disorders [9] , and shoulder disorders in the throwing athlete [7] , there are limited and conflicting data regarding the role of hand dominance in TSA outcome [2, 4, 16, 18, 20, 21] . Patients who underwent TSA of their dominant upper extremity had greater postoperative active forward elevation and active external rotation compared with patients who underwent TSA of their nondominant upper extremity. We did not find a difference in outcomes scores. Clinicians may find this information a valuable addition to preoperative counseling, particularly for patients who are undergoing bilateral TSAs. In addition, future TSA studies should consider the variable of hand dominance, which may influence the amount of improvement in pain and function that can be expected after surgery, to validate or refute our findings. Our study does have limitations, including potential unmeasured confounding variables, relatively short followup, and retrospective nature. Additionally, there is potential assessor bias as only one observer (GPN) did ROM measurements and there was no blinding with respect to hand dominance and analysis of ROM. We think hand dominance is unlikely to bias our ROM data acquisition. Our patients had relatively short followup with a minimum of 12 months and an average of 23 months. This minimum followup was thought to allow patients to reach full ROM recovery from the surgery. In our clinical experience, ROM in patients does not improve to any great degree after the first postoperative year. However, longer-term followup studies might address whether the difference in ROM based on hand dominance persists. During the study period, the followup for patients who had TSAs performed by one surgeon (GPN) was 81%, with only 19% of patients lost to followup. It is possible that the patients lost to followup had inferior outcomes to those who returned, but given the high rate of followup, any bias related to this would be relatively small. In addition, this study may be subject to Type II error based on failure to identify a difference in outcome scores between the dominant and nondominant groups based on insufficient power.
We found that arm dominance was associated with postoperative ROM after TSA, but no difference in outcomes based on arm dominance. With the numbers available, we were underpowered to detect such differences in outcomes, and it is possible that our study could have failed to detect a clinically important difference in that regard. However, some studies [2, 4, 16, 18, 20, 21] have considered arm dominance as it affects clinical outcomes, but to our knowledge, none has identified an effect of arm dominance on postoperative ROM. Brostrom et al. [2] reported an early retrospective series of 16 patients with rheumatoid arthritis who had TSAs, stating that ''patients who had a TSA performed on their dominant side were less satisfied with the outcome than those operated on the nondominant side.'' They did not provide additional data or statistical analysis regarding this. Raiss et al. [18] analyzed long-term retrospective outcomes of TSAs in 63 patients at 15 to 20 years after surgery, finding that hand dominance was not associated with an inferior clinical outcome for patients who had not undergone revision. Collin et al. [4] conducted a prospective cohort study of 56 patients who had TSAs and with 10 years followup, showing that TSA of the dominant upper extremity is a significant factor predicting progression of radiolucent lines of the glenoid component after TSA. Several other studies reported no association of radiolucent lines and glenoid component loosening with arm dominance [16, 20, 21] .
In our opinion, an average 10°greater active forward elevation and active external rotation for TSA of the dominant versus nondominant upper extremity is not only statistically significant but also clinically significant for patients who had TSAs. To our knowledge, there are no published minimum clinically important differences for shoulder ROM, and this would be a subject for further study to determine if a 10°difference in forward elevation and external rotation is clinically important. The gain in active forward elevation may be particularly clinically significant as patients participate in overhead activities. Patients can be counseled that on average they will achieve slightly greater active forward elevation and active external rotation in the dominant than in the nondominant extremity after a TSA. This finding also might help surgeons answer a common postoperative clinical question from patients with bilateral TSAs: ''Why is my right shoulder better than my left? '' Patients who underwent a TSA of their dominant upper extremity had greater postoperative active forward elevation and active external rotation compared with patients who had a TSA of their nondominant upper extremity. The difference of 10°active forward elevation and active external rotation could be useful for preoperative and postoperative counseling, although future study is needed to determine if these differences exceed the minimum clinically important difference for shoulder ROM. Regardless of hand dominance, no differences in functional outcomes were achieved.
